INTRODUCTION
Knitability of a yarn that affects circular weft knitting machine efficiency is known as knitting performance of a structure for a given yarn and is of major interest to the researchers. There are three main groups of the effective parameters on the knitability that are factors affecting the running of the yarn from package to the feeder, parameters affecting knitting machine condition and fabric properties and consequently yarn faults.
Yarn properties specially, mechanical properties, friction characteristics, bending behavior, elasticity, unevenness and imperfections are the most important factors in these groups 1 . However, properties of a yarn are affected by characteristics of the fibers, spinning preparation processes and conditions.
In rotor spinning system, the three important parameters, viz., the nozzle, torque stop, and distance between nozzle and rotor, occurring between the peeling point and the delivery roller have a great influence in obtaining optimum yarn quality necessary for subsequent processes and end product properties 2 
.
The nozzle is one of the most important components of the spin-box that affects yarn properties and spinning stability. To reduce end breakage, the yarn must have sufficient twist at the peeling point. The twist is created by the help of a nozzle. Yarn, drawn from the rotor groove, makes a 90 0 turn inside the nozzle. The rotation of the yarn around the inner wall of the nozzle creates additional false twists on the yarn between the rotor groove and yarn draw-off tube 2, 3 .
False twist insertion is a function of the friction between the yarn surface and extractive nozzle. In addition to causing tension breaks, higher rotor speeds increase the false twist effect and when smooth nozzles are used in this condition, overtwisting and yarn ruptures can occur. Therefore, grooves are cut or pressed into the nozzle, which briefly lift the yarn off the nozzle surface demonstrated that, the tenacity of cotton-acrylic yarn is closely associated with the shape of the extractive nozzle. The yarn spun with a spiral nozzle significantly exhibits lower tenacity and breaking extension than their counterparts spun with a notched nozzle 5 .
Also, with cotton yarn, higher tenacity can be obtained by using a spiral nozzle 6 . Due to the increase in false twists by using extractive nozzles, the proportion of wrapper fibers increases. In contrast, the opposite results in increased bulkiness and rigidity of the yarn 5 . In addition to the low quality of the product, grooved nozzles can produce hairy and harsh yarns proportional to the number and shape of the grooves 3, 7 .
Torque stop is another component that increases and saves twists between the deflecting point and rotor. The radius of the curvature of the torque stop affects the amount of increase in the twist level. Unfortunately, yarn hairiness and imperfections are increased by using a torque stop. Consequently, at the yarn peel off point, quality is improved by choosing a closer setting between the nozzle and rotor. However, less distance is a reason for increasing spinning instability 3 .
Because of existing high degree of interaction between above-mentioned factors and spun yarn properties, selecting appropriate processing conditions among possible alternatives is a difficult task and a multi-criteria decision-making problem. In recent years, MCDM approaches specially, TOPSIS method have been used for solving such kind of the problems with exact value of the attributes. But, in some cases, such as yarn properties, determining precisely the exact values of the characteristics is impossible and that, as a result, their values are considered as intervals. This assumption can help decision-makers in obtaining the most preferable choice among all the possible alternatives in comparison with conventional TOPSIS methods.
However, there is not published literature that focuses on selecting the optimum spinning processing conditions using this method. Therefore, in this study, assistance in reaching acceptable solution in order to select the appropriate setting in rotor spinning machine for 30Ne rotor yarn intended to be used for weft knitted fabric will be provided by TOPSIS approach with interval data. TECHNIQUE  FOR  ORDER  PREFERENCE BY SIMILARITY TO IDEAL  SOLUTION WITH INTERVAL DATA  Multi-criteria decision-making is a branch of  Operations Research (OR) , which deals with selection problems under the presence of a finite number of decision criteria and alternative. MCDM methods are still popularly used in the engineering problems. The weighted sum model (WSM), weighted product model (WPM), the analytic hierarchy process (AHP) and technique for order preference by similarity to ideal solutions (TOPSIS) are some widely used methods of MCDM and it is almost impossible to decide which one is the best method 8 . Multi-criteria decision-making may be considered as a complex and dynamic process including one managerial level and one engineering level.
THE
TOPSIS, one of the known classical MCDM methods, was first developed by Hwang and Yoon (1981) for solving a MCDM problem. The basic principle is that, the chosen alternative should have the shortest distance from the positive ideal solution and the farthest distance from the negative ideal solution 9 . In recent years, TOPSIS has been successfully adopted in various fields, location analysis, construction processes, management and quality control 10 .
There are some applications of MCDM methods in textile problems. The technological value of cotton fibers is determined by a hybrid method of MCDM 11 . Kaplan, Araz and Goktepe 2 (2006) applied ELECTRE outranking method for the selection of rotor navel. MCDM method was used to select cotton fibers and laydown in blow room 12 . The procedure of TOPSIS can be expressed in a series of steps that are: 1; Calculate the normalized decision matrix, 2; Calculate the weighted normalized decision matrix, 3; Determine the positive ideal and negative ideal solution, 4; Calculate the separation measure using the n-dimensional Euclidean distance, 5; Calculate the relative closeness to the ideal solution, 6; Ranking the preference order 9 .
Considering the fact that, in some cases, determining the exact values of the attributes is difficult and that, as a result, their values are considered as intervals. Extended version of the TOPSIS approach was presented by Jahanshahloo et al. 8 (2006) for the interval data. Like to the conventional TOPSIS method, this algorithm can be concisely expressed in matrix format (decision matrix). 
The normalization method mentioned above is to preserve the property that, ranges of normalized numbers belong to [0, 1].
-Calculate the weighted normalized decision matrix. 
Where I is associated with benefit criteria and J is associated with cost criteria.
-Calculate the separation of each alternative from the positive ideal solution and negative ideal solution, using the n-dimensional Euclidean distance.
-Calculate the relative closeness to the ideal solution. The relative closeness of the alternative j A with respect to 
MATERIALS AND METHODS
Cotton fibers with 27mm mean fiber length, 3.6 micronaire fineness and 0.85 fiber maturity index were furnished as a second draw frame sliver with linear density of 5.2ktex. The 30Ne yarn was spun on a Rieter RU04 rotor spinning machine with 900tpm. The opening roller was designed for cotton fibers at the speed of 8200 t . min -1 . The 35 mm diameter rotor worked at a speed of 75000 t . min -1 .
There were four extractive nozzle types made of ceramic material. These included: spiral, grooved (4 grooves), grooved (8 grooves), and notched nozzle (4 grooves and 4 notches inside the funnel). One of the draw-off tubes had a fixed torque stop, while the other did not have a torque stop. Two different distances of 1.5 and 2 mm were used between the entry of the extractive nozzle and rotor. Sixteen http://www.jeffjournal.org Volume 6, Issue 3 -2011 different yarn samples were produced according to the specifications as shown in Table I .
All the yarns were tested for single strand strength and elongation on a Tesorapid3. A test specimen of 500 mm was elongated at an extension rate of 500 mm/min. The yarn evenness and imperfections were measured with the Uster tester 4 at testing speed of 400 m/min for 2.5 min and 5 samples for each yarn. The hairiness of the yarns was measured with the Premier Tester 7000. In the test, 10 samples of each yarn that were 100 m in length were examined. A statistical analysis (one way ANOVA) was carried out to analyze the differences between the test results for different groups of yarn samples at the 95% level. Also, a Duncan Procedure Multiple Range Test was performed for a better analysis.
RESULTS AND DISCUSSOIN
The results of the experiments (min and max values for each property) are shown in 
IMPORTANCE OF THE YARN QUALITY PARAMETERS FOR KNIABILITY
As previously mentioned, knitability, known as knitting performance of a structure for a given yarn, affects knitting machine efficiency and is of major interest to the researchers. Studies have shown that, the mechanical and physical properties of a yarn running into a large diameter circular knitting machine are an important technological parameter that affects knitting machine failure and yarn breakage [13] [14] [15] [16] . Therefore, higher tenacity and elongation at break of the yarn and lower friction between yarn and machine surfaces such as needle are useful to reduce yarn breakage. However, mechanical properties of a yarn partly are a function of yarn imperfections and unevenness. The more the imperfections and unevenness are, the more yarn breakages occur due to improper and concentrated distribution of the twist. Therefore, knitability results can be correlated with yarn irregularity and the numbers of thick and thin places 17 .
Hairiness is another factor that affects friction between needle and yarn. Friction between yarn and machine surfaces and the yarn bending rigidity is related to yarn surface properties such as wrapping fibers and hairiness. Increase in hairiness and wrapper fibers, produces more friction between the yarn and metal surface and increase yarn bending flexural rigidity. Increase in friction leads to an increase in yarn tension and breakage [13] [14] [15] [16] .
PERFOMING TOPSIS APPROACH
In the first step of the TOPSIS algorithm if a ranking between these properties is needed the most important one to increase machine efficiency and reduce yarn breakage during knitting process is assumed to be yarn hairiness followed by unevenness, thick places, Neps, thin places, tenacity and elongation.
In this study, tenacity and elongation are shown by positive sign. It means that higher value of the property is better to raise knitability. Also, hairiness, coefficient of mass variation (CV%) and imperfections are shown by negative sign in the investigation. The alternatives were evaluated on the basis of these quality parameters which are the criteria of the TOPSIS.
The weights of these criteria which are necessary inputs for TOPSIS application were determined according to their importance level for knitability and end breakage.
Five of the criteria (CV%, thin places, thick places, nep and hairiness were required to be minimized and others (tenacity, elongation) to be maximized. The determination of the weight requires the input of expert ' s opinion. The weight of criteria can be determined after holding a meeting of the decision makers and discussing the criteria until a consensus is reached.
Relative importance of the effective factors on machine efficiency was picked up based on the 24 expert ' s opinions that were proficient in weft knitting industry. Table III shows results of the discussion about importance of the rotor yarn properties.
As indicated above, the first step in decision making using TOPSIS approach (with interval data) is identification of decision matrix. The performance values of the alternatives or decision matrix that is obtained from maximum and minimum values of yarn quality parameters has been shown in Table II . At the next step normalized decision matrix was calculated using Table II Importance of the criteria was determined by using expert ' s ideas. In this case importance of the criterion was considered based on the effect of that criterion on weft knitting machine efficiency (knitability of the yarn). Table V shows relative importance of each criteria and weight vector. Relative importance of the criteria was considered from one to ten. Considering the different importance of each criterion and calculating vector of the criteria, the weighted normalized decision matrix was constructed using equation (3, 4) . Calculated matrix has been shown in Table VI .
At the fifth step of the TOPSIS method, the positive ideal solution ( TABLE IV. The normalized decision matrix. According to the final ranking, yarn sample spun by using spiral nozzle, doffing tube without a torque stop and closer setting between nozzle and rotor has the best performance. Also, yarn sample spun by using a nozzle with 4Grooves, doffing tube without a torque stop and closer setting has the worst performance based on the TOPSIS ranking. Since seven criteria were used in this study therefore, 56 combinations are analyzed with each combination stated as a condition. The main condition in Table IX expresses the original result of the case study. Table  X shows relative closeness coefficient of each alternative and new ranking after changing all the weights. As can be seen in Table X , new final rankings of the alternatives are as same as original final ranking and it is due to considering exact values of the alternatives in TOPSIS algorithm with interval data instead of mean values. Stability of the original ranking after changing all the weights between -20% and +20% is the preference and advantage of this extended version of the TOPSIS method. This stability is not seen when decision-makers use conventional TOPSIS algorithm 18 .
CONCLUSION
In this study, the applicability of an extended version of TOPSIS approach in which exact values (interval data) of the alternatives are considered instead of mean values were tested in obtaining appropriate doffing tube components and its adjustment for rotor spun yarn intended to be used in weft knitting machine.
Sixteen different yarn samples were spun by considering three factors in spin box. Qualitative parameters of the samples were assessed according to the standard methods. Then, these characteristics were evaluated with the purpose of using the yarn in weft knitted fabric and to increase machine efficiency. Relative steps of the TOPSIS with interval data algorithm were executed for available data and finally the ranking of the alternatives were performed based on the mentioned goal. Sensitivity analysis was also done in order to investigate the stability of the final ranking.
This study shows that this method is able to present the best condition among possible alternatives. Yarn sample spun by using spiral nozzle, doffing tube without a torque stop and closer setting between nozzle and rotor has the best performance. Also, proposed final ranking is stable even for the weights 20% more and less than original weights due to the use of exact values of the alternatives in this method. This stability is not obtainable in conventional TOPSIS method that uses mean values of the alternatives. As results of this method being dependent on preferences of the decision-maker, results put forward in this study are valid only for this particular case and may be completely different for another decision-maker and final goal. 
